I -INTRODUCTION
Because of its quantitative microanalysis capabilities with high spatial resolution, the FIM atom-probe is a well suitable technique for the investigation of early stages of decomposition 111. The number density as well as the mean size of very fine precipitates dispersed in a solid solution can be determined by field ion microscopy. In addition, selected area analysis of individual particles can be achieved.
However, the temperature conditions for obtaining a well visible contrast between phases are sometimes not compatible with those required for a quantitative analysis of the alloy. For instance atom-probe analyses of nickel base superalloys need low temperatures (T = 41) K ) where no visible contrast is observed 121.
Continuous random area investigations are much less tedious and can also provide informations on the material microstructure. However, the interpretation of concentration profiles requires statistical methods like autocorrelation analysis 131.
In the present paper we propose a simple model for the statistical analysis of atomprobe data for finely dispersed systems (spherical precipitates randomly distributed in a matrix). The aim of this study is to show the dependance of the mean apparent size, linear fraction and mean apparent composition of particles with the analysis parameters.
I1 -PRINCIPLE OF THE METHOD AND RESULTS
The basic hypotheses of the model are the following : -The particles are spherical and homogeneously dispersed in the solid solution.
-The particle distribution is monomodal ; the mean size of precipitates is @.
-The investigation of the material is similar to the analysis of a cylinder whose diameter is @ .
-Possible field induced variations in the local magnification associated to each phase are not taken into account.
-All particles are detected. simulate t h i s parameter t o t h e mean length <1> which i s i n t e r s e c t e d by t h e a n a l y s i s cylinder ( f i g u r e 1 ) .
Figure 1 -Atom-probe a n a l y s i s of a decomposed a l l o y . The p a r t i c l e s a r e r e s p e c t i v e l y being not detected ( I ) , detected but not resolved (2), c l e a r l y resolved ( 3 ) , c l o s e t o be resolved ( 4 ) , not d e t e c t a b l e (5) Let us consider t h e p a r t i c l e s which a r e d e t e c t a b l e . Only those p r e c i p i t a t e s t h e cent e r of which i s located i n s i d e a cylinder whose diameter i s (@+@ ) can b e detected.
I f N i s t h e number d e n s i t y of p a r t i c l e s , t h e expected number of p r e c i p i t a t e s which v a r e analysed (N ) i s , f o r a u n i t of length : 1
t h e right-hand term r e f e r s t o t h e scanned volume f o r a probed depth equal t o u n i t y .
I n order t o c a l c u l a t e <1> two d i s t i n c t cases have t o be considered. For those p a r t ic l e s t h e c e n t e r of which i s located inside t h e a n a l y s i s c y l i n d e r , t h e i n t e r s e c t e d length i s always equal t o t h e i r diameter. The number of p r e c i p i t a t e s i n such a case can b e w r i t t e n as :
I n c o n t r a s t p a r t i c l e s lying from p = @,I2 t o p = (Q+aa)/2 lead t o lengths which may vary from 1 = 0 t o 1 = @. It i s easy t o s e e t h a t every p a r t i c l e whose c e n t e r i s located a t a given d i s t a n c e p from t h e t i p a x i s i s i n t e r s e c t e d over a constant length 1. Elemental geometrical considerations give :
The number of p a r t i c l e s crossed by t h e cylinder over a length 1 within d l i s theref o r e :
with :
The mean length <l*> f o r those p a r t i c l e s whose c e n t e r i s located o u t s i d e t h e analys i s c y l i n d e r (P > @ 12) but i n s i d e t h e scanned volume can now be e a s i l y obtained :
where Ni ( I < @ ) i s t h e number of p a r t i c l e s per u n i t of l e n g t h , l e a d i n g t o an apparent l e n g t h 1 < 4.
SubstituEing dN by i t s expression a s deduced from equations ( 3 ) , ( 4 ) , ( 5 ) one can w r i t e : 1 7rN 0 with t h e a n a l y s i s parameter defined a s t h e r a t i o :
I n t e g r a t i n g t h i s expression (7) one g e t s :
The apparent mean l e n g t h f o r every p a r t i c l e whatever t h e i r p o s i t i o n i n s i d e t h e scanned volume may now be c a l c u l a t e d :
with N1(l<O) + Nl(l=O) = N1 ; t h e t o t a l number of d e t e c t a b l e p a r t i c l e s .
Introducing t h e a n a l y s i s parameter 17 i n t h e expressions (1) and (2) of N and 1
N ( I = @ ) , t h i s l a t t e r equation (10) can b e manipulated t o y i e l d : 1
From i t e r a t i v f c a l c u l a t i o n s , t h e a c t u a l p a r t i c l e diameter 6 may t h e r e f o r e be comput e d from t h e mean apparent length and t h e a n a l y s i s parameter.
The r a t i o <I>/@ i s p l o t t e d versus n i n t h e f i g u r e 2. For i n c r e a s i n g values of t h i s
parameter, t h e apparent l e n g t h v a r i e s from 2013 (n=0) t o 0 (v*). An i n f i n i t e probe diameter w i t h r e s p e c t t o t h e p r e c i p i t a t e s i z e has obviously no s i g n i f i c a n c e f o r atom-probe a n a l y s e s .
Figure 2 -The r a t i o of t h e mean apparent l e n g t h < l > t o t h e p r e c i p i t a t e diameter O a s a f u n c t i o n of t h e a n a l y s i s paramet e r n = Qa/O.
Volume f r a c t i o n and number d e n s i t y of p a r t i c l e s Another question of g r e a t i n t e r e s t i s t h e determination of t h e volume f r a c t i o n . When t h e p a r t i c l e s a r e very f i n e , t h i s parameter i s d i f f i c u l t t o be estimated from phase composition because of t h e l i m i t e d accuracy with which t h e p r e c i p i t a t e composition
can be estimated.
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JOURNAL DE PHYSIQUE One method consists of deriving this parameter from the linear fraction of crossed particles F . This parameter may be expressed as a function of the mean distance between parkicles <d > : P Considering the average scanned volume for one particle, one can easily write the number density as :
Now, the mean distance <d > Can be related to the volume fraction F :
(1 4 )
Eliminating N between (13) and (14), one easily obtains <dD> as a function of n :
v Substituting this expression (15) in equation (12), the linear fraction can finally be written as :
This expression is obviously no longer valid when FL is close to unity.
The figures shows the evolution of the ratio F /F versus the analysis parameter q.
L v
This curve exhibits the rapid increase of FL with n (for a given value of F ) . Mean apparent composition of particles When particles are very fine, a lot of them cannot be resolved (figure 1). As a result their actual composition cannot always be attained.The composition of precipitates which are ~artially crossed on an edge by the analysis cylinder generally falls somewhere between the matrix composition and the precipitate one 151. Due to the unavoidable statistical fluctuations, it is often difficult to decide, even from the shape of concentration profiles, whether the composition data are consistent or not.
Let us consider the number of particles N , which are resolved. Such precipitates lead to a "plateau" like shape in composiEion profiles. Their center are included inside a cylinder the radius of which is : so that :
Introducing again the analysis parameter n , the fraction of resolved particles can be written as :
The figure 4 shows for instance, that only 10 % of detectable precipitates are statistically resolved for a spatial resolution @ equal to half the particle diameter.
In order to take advantage of the whole information it is desirable to predict the i mean composition <C > averaged over a l l particles whatever their position with P respect to the analysis axis. 
